Etiology and pathogenesis Environmental factors
There are no clearly established environmental risk factors for CO-OCD. Many patients describe symptom onset following a stressful precipitating event. [21] A recent retrospective study found no evidence for an association between adverse childhood experiences and OCD, although such experiences were associated with the presence of psychiatric comorbidities in individuals with OCD, including depression. [11] Some data suggest a possible association with higher recalled rates of perinatal complications and advanced paternal age. [22] A large body of work suggests an association between streptococcal infection and an abrupt, early-onset form of OCD, termed pediatric autoimmune disorder associated with Streptococcus (PANDAS), [23] although the strength of this association is controversial and evidence for causation is limited. These patients are thought to develop postinfectious autoimmunity targeting the basal ganglia, as described for Sydenham's chorea, a neuropsychiatric complication of rheumatic fever. [24] More recent epidemiological data also suggest an association between nonstreptococcal pharyngitis and OCD that is greater than for other anxiety disorders. [25] The broader category of pediatric acute neuropsychiatric syndrome (PANS) has been proposed to include all cases of acute-onset OCD or restricted food intake with associated neuropsychiatric symptoms, independent of streptococcal infection. [26] PANS/PANDAS may account for approximately 5% of children attending general pediatric OCD (POC) outpatient clinics. [27] Genetics While the underlying biological mechanisms remain to be elucidated, meta-analyses of family studies suggest heritability between 45% and 65%, [28, 29] higher than most other anxiety and mood disorders in youth and higher than in patients with the adult-onset illness. [30] The risk of OCD in a first-degree relative of a proband may be as high as 10%-17%, compared to 2%-3% in controls. [31] Molecular genetic studies including segregation analyses, linkage studies, candidate gene studies, and genome-wide association studies suggest a complex disorder for which many gene variants likely confer vulnerability, each with a relatively small effect. Genetic association studies have implicated single nucleotide polymorphisms in genes involved in glutamatergic transmission and synaptic function, although none has yet reached genome-wide significance. [32] [33] [34] [35] Genes that affect serotonergic and dopaminergic function may also contribute to OCD susceptibility. [36] Pathophysiology Although results of structural studies have been inconsistent, functional neuroimaging data provide support for dysfunction of the orbitofrontal cortex, basal ganglia, thalamus, and interconnecting pathways. Importantly, different symptom dimensions may be mediated by distinct but overlapping neural systems. [37, 38] These may include a ventromedial "emotion" circuit and a dorsolateral "cognitive" circuit. [39] Hyperactivation of the orbitofrontal cortex has been proposed to mediate persistent thoughts about threat and harm, which in turn lead to attempts to neutralize the perceived threat. In addition to the involvement of the amygdala and prefrontal cortex in the regulation of fear and anxiety associated with some symptom dimensions, growing evidence suggests dysfunctional reward circuitry. [40] With respect to neurotransmitters, a proposed role for serotonergic dysregulation is suggested by symptom responsiveness to serotonin reuptake inhibitors (SRIs), worsening of symptoms with serotonin agonists, and an association between OCD severity and cerebrospinal fluid levels of 5-hydroxyindolacetic acid, the main metabolite of serotonin. Dopamine has also been strongly linked to disorders presenting with obsessive-compulsive behavior. [41] Other studies have implicated glutamatergic neurotransmission, the neuropeptides oxytocin and vasopressin, and opioid peptides. [42] [43] [44] Immune dysfunction While evidence for causative pathogenic autoantibodies in CO-OCD including PANDAS is lacking, [45, 46] data from studies in patients with "classic" OCD suggest an association with aberrant innate immune activation. This includes altered levels of systemic cytokines such as tumor necrosis factor-α and interleukin-1 β [47] [48] [49] [50] as well as lower than expected immunoglobulin levels. [51] [52] [53] Moreover, a recent positron emission tomography imaging study in adults with OCD -many with CO -showed the increased volume of translocator protein-18 distribution in cortico-striato-thalamocortical circuits, implicating widespread microglial activation. [54] It is unclear whether changes in cellular and soluble inflammatory markers represent underlying etiology, a consequence of disease progression, or associated epiphenomena.
Outcomes
CO-OCD interferes with normal neurodevelopment and is associated with higher prevalence of anxiety disorders in adulthood. [10] Longitudinal data suggest that 41% of children have persistent OCD, with one-third experiencing moderate-to-severe symptoms. [11] In addition, a meta-analysis of outcome data suggested that 40% of children experience full remission and 19% of children have subclinical symptoms or partial remission at follow-up. [7] A more recent follow-up study suggested 66% of participants were in remission and a total of 85% of participants had responded to treatment at 3-year follow-up, with a significant improvement in psychosocial functioning. [55] Remission predictors include older age at OCD onset, shorter duration of illness, and outpatient status. Factors that may contribute to a more benign course include the presence of a precipitating event, episodic nature of the symptoms, and good social/occupational adjustment. [56, 57] Factors that contribute to a more disabling, chronic course include early age of onset, presence of tics, comorbid major depressive disorder, parental psychopathology, poor response to medication, and severity at onset. [57] [58] [59] [60] In a recent follow-up study of children with PANS/PANDAS, 88% were not experiencing clinically significant symptoms at up to 4.8 years following initial treatment; the authors suggest this may support conceptualization of PANDAS as a subacute illness, although some children developed more chronic symptoms. [61] 
CLINICAL ASSESSMENT
Given the high prevalence and significant cost associated with delayed treatment, OCD should be considered in the differential diagnosis of all children and adolescents presenting with repetitive behaviors or anxiety. Since youth with obsessions and compulsions often do not spontaneously report symptoms (particularly violent or sexual obsessions) or may minimize their severity, a systematic approach to assessment is critical and should be informed by history taken from both the patient and family. Diagnostic criteria and critical elements of the assessment process are discussed below.
Diagnostic criteria Diagnostic and Statistical Manual of Mental Disorders-5 diagnostic criteria
OCD is listed as a "neurotic, stress-related and somatoform disorder" along with anxiety disorders in ICD-10, and was similarly classified as an anxiety disorder in the DSM-III, DSM-III-R, and DSM-IV. However, given increasing evidence for differences in the phenomenology and etiology of OCD compared with other anxiety disorders, it now falls within "OCD and related disorders" (OCRDs) in DSM-5. [19] The diagnosis requires the presence of obsessions, compulsions, or both. Obsessions are recurrent and persistent thoughts, urges, or images that are experienced as intrusive and unwanted and cause anxiety or distress; the individual attempts to ignore, suppress, or neutralize them. [62] Compulsions are defined as repetitive behaviors or mental acts that the individual feels driven to perform in response to an obsession or according to rigidly applied rules; these are aimed at reducing anxiety or distress or preventing a dreaded situation. [62] The obsessions or compulsions must be time-consuming or cause significant distress. The level of insight and presence of tics are included as specifiers. [62] Compared to adults, children with OCD may not always realize that their worries or behaviors are excessive, seeing rituals as protective acts; nevertheless, a range of insight is seen in children and adolescents [63] as in adults. The symptom content may differ by age, with religious and somatic symptoms reported to be more common in children compared to adolescents or adults. Other symptoms noted particularly in children include "just right" obsessions, compulsions that may involve family members such as parents, and superstitious rituals associated with magical thinking. [64] Pediatric acute neuropsychiatric syndrome/pediatric autoimmune disorder associated with Streptococcus diagnostic criteria As defined by Swedo et al. in the first case series published in 1998, PANDAS is characterized by acute onset of OCD and/or a tic disorder between the ages of three and puberty, evidence of preceding Group A streptococcal infection, other neurological abnormalities, and an episodic course. [23] More recently, PANS has been defined as abrupt, dramatic onset of OCD, or severely restricted food intake with concurrent acute onset of at least two of anxiety; emotional lability and/or depression; irritability, aggression, or severely oppositional behavior; behavioral regression; deterioration in school performance; sensory or motor abnormalities; and somatic signs and symptoms. [26] We recently reported a 5% prevalence of PANS/PANDAS among a general clinic population of children with OCD. [27] Differential diagnosis Differential diagnoses to consider include generalized anxiety disorder; specific phobias; other OCRDs including body dysmorphic disorder, trichotillomania, and excoriation disorder; eating disorders; tic disorders; autism spectrum disorder; and genetic syndromes. Psychotic disorders should also be ruled out, particularly in the mid-to-late teens. Finally, OCD symptoms should be distinguished from normative behavior, in particular, nonimpairing rituals in preschoolers that are appropriate to the developmental stage.
Assessment

Standardized assessment tools
A structured systematic assessment may be facilitated by the use of standardized tools including the Children's Yale-Brown Obsessive-Compulsive Scale (CY-BOCS), a 10-item clinician-rated instrument designed to assess symptom severity. [65] The child version (CV) of the Obsessive-Compulsive Inventory (OCI-CV) [66] and the Children's Florida Obsessive-Compulsive Inventory (C-FOCI) [67] are self-report instruments developed to screen for OCD symptoms in clinical and nonclinical settings and do not require as much clinician time. The Child Behavior Checklist -obsessive-compulsive scale (CBCL-OCS) may also be used for screening purposes [68] and measures such as the OCI-CV and C-FOCI are preferred over the Leyton Obsessional Inventory-CV. [69] Obsessive-compulsive disorder symptoms The assessment should begin by characterization of the duration and severity of OCD symptoms in addition to precipitating, exacerbating, perpetuating, and ameliorating factors. Family or school stressors or physical illness are often reported to precede the onset or worsening of OCD. As unrecognized symptoms may be present, a review of all OCD symptom categories is helpful. Overlapping groups or "symptom dimensions" are generally stable throughout development and in pediatric OCD Include 'just right' (symmetry obsessions, ordering, repeating, counting and checking compulsions and hoarding), 'forbidden thoughts' (sexual, religious and aggressive obsessions) and 'contamination' (contamination and somatic obsessions and cleaning compulsions). Of note, checking and somatic symptoms move to the 'forbidden thoughts' dimension in adult OCD. [70] Other common compulsions include reassurance-seeking, counting, praying, and mental rituals. Many individuals experience multiple symptoms at any one time, and these may change over the course of the illness. [71] While children may be less likely to have insight into the irrationality of their obsessions and compulsions compared to adults, [6] a range of insight is present in children as in adults. While some studies in adults suggest an association between insight and both OCD symptom severity [72] and outcomes, [73] more work is required to understand these relationships in children.
Associated signs and symptoms
While sleep disturbances are often reported by parents of children with OCD, previous studies that use objective sleep measures have been limited. [74] A recent study by our group demonstrated a clinically relevant sleep disturbance in 70% of children with OCD compared to 15% of healthy controls, particularly increased wakening, delayed subsequent sleep, and poorer sleep hygiene. Unlike adult OCD, there was no circadian shift. [75] Abnormalities in prefrontal-striatal circuits may affect executive function, which is impaired in adults with OCD [76] and may represent an endophenotype given deficits in decision-making and planning that aggregate in families with OCD. [77] However, differences in cognitive dysfunction may differ between adults and youth, [78] and studies of executive function deficits in children are limited. Recent data suggest that parents of children with OCD report significantly greater executive dysfunction compared to parents of healthy controls. [79] However, objective testing reveals more subtle deficits affecting planning but not impulsivity, cognitive flexibility, attention, or spatial working memory in a laboratory setting. [79] CO-OCD may also be associated with a slower processing speed. [80] Neurological soft signs (NSS) are defined by the abnormal motor or sensory findings in the absence of a localized neurological disorder and have been implicated in OCD. A meta-analysis of studies assessing NSS in adults with OCD suggested significantly higher rates compared to matched controls, present bilaterally and in multiple domains (motor coordination, sensory integration, and primitive reflexes). [81] These subtle neurologic abnormalities may characterize subgroups of patients with more severe symptoms [82] and poorer treatment response. [83] In children, deficits in visuospatial and fine-motor skills based on neuropsychological testing may also predict poor long-term outcomes. [84] It is unclear whether executive dysfunction or neurologic soft signs represent potential endophenotypes in children.
Functional consequences
Quality of life is related to OCD symptom severity and impairment. [85] Clinicians should review the functional consequences of OCD symptoms in home, school, and social environments. Psychoeducational assessment should be considered if there is any history of academic difficulties. Indeed, students with OCD report difficulty with concentration on school work and homework completion, [86] and a recent pilot study identified significantly higher rates of math deficits in patients with CO-OCD compared to healthy controls. [87] Coercive and disruptive behaviors may be assessed using the Coercive and Disruptive Behaviour Scale-POCD. [88] Family functioning and accommodation of symptoms can be assessed using the OCD Family Functioning Scale [89] and the Family Accommodation Scale, [90] respectively. The latter measures ways in which family members take part in the performance of rituals, facilitate avoidance of anxiety-provoking situations, or modify routines. Family accommodation is associated with increased parental anxiety symptoms and is associated with treatment outcomes. [91] In a multisite study of family functioning impairment, our group recently showed that 50% of mothers, 30% of fathers, and 70% of youth reported daily occupational/school impacts; most patients and their parents reported often or always feeling stressed/anxious or frustrated/angry. Commonly disrupted routines related to bedtime, morning, family events, mealtimes, and work/ school. More mothers than patients or fathers reported feeling sad while more patients compared to their parents reported feelings of guilt. Importantly, family accommodation predicted family impairment. [89] Pediatric acute neuropsychiatric syndrome/pediatric autoimmune disorder associated with Streptococcus In assessing children for PANS/PANDAS, standard laboratory investigations may be ordered according to clinical judgment to rule out suspected medical diagnoses including active infection, immune deficiency, and neurologic disease. These may include a complete blood count, liver/renal function, urinalysis, erythrocyte sedimentation rate or C-reactive protein, streptococcal antibodies including antistreptolysin-O antibody and anti-DNAase B, and throat culture. As many healthy individuals have positive anti-streptococcal antibodies by adolescence, a minimum of two blood draws are required to establish increasing titers following acute infection. Additional investigations in the setting of suspected infection, autoimmune disease, or immunodeficiency may include anti-nuclear antibodies, swabs and cultures of active lesions, immunoglobulin levels, and lymphocyte phenotyping. Given the unclear and likely heterogeneous etiology of patients meeting diagnostic criteria for PANS, the medical workup should be patient specific with a general approach informed by consensus guidelines. [26] Psychiatric comorbidities Up to 80% of children and adolescents with OCD have one or more comorbid psychiatric conditions. A thorough screening is critical as the presence of psychiatric comorbidities may affect treatment response, [92] and some comorbidities such as bipolar disorder or unipolar depression should be treated first to allow optimization of OCD-specific therapy. [93] The most common comorbidities include major depressive disorder (66%); attention deficit hyperactivity disorder (ADHD, more often inattentive subtype), oppositional defiant disorder or anxiety disorders (50%), and enuresis or speech and language disorders (33%). [94] Tics are thought to occur in 10%-40% of patients with CO-OCD. [95] Comorbid OCRDs -including body dysmorphic disorder, hoarding disorder, and trichotillomania -are all characterized by repetitive thinking or behavior and are more prevalent among patients with OCD. Finally, suicidal ideation and completed suicide attempts are more common in adult patients with OCD than the general population and require regular assessment in all age groups. [96] Psychiatric history Details of previous OCD treatment that may affect management include the duration, maximum dose, and tolerability of the past medications. SRI trials are often discontinued prematurely or involve a suboptimal dose. In assessing the past psychotherapy trials, details of the specific therapeutic modality should be established; while cognitive behavioral therapy (CBT) including exposure and response prevention (ERP) has established efficacy, supportive therapy, and relaxation training do not. [97] Other factors that may inform treatment include a history of substance use, which may affect adherence to the management plan. The past mood instability particularly in response to SRI monotherapy may suggest increased risk of hypomanic or manic symptoms with the administration of serotonergic agents. Moreover, any history of panic attacks or anxiety regarding medication side effects should be elicited and may prompt very cautious titration of serotonergic agents to avoid triggering further anxiety symptoms. Finally, clinicians should take a thorough family history of OCD and OCRDs, as well as any treatment trials that have effectively treated symptoms in family members. [9] Medical history and comorbidities Relevant medical history includes neurological conditions, head injuries or seizures, endocrine abnormalities, symptoms that may overlap with possible medication side effects, and pregnancy. While limited data addressing, the prevalence of medical comorbidities exists for CO-OCD, multiple conditions including migraines and respiratory diseases are more common among adults with OCD [98] and should be queried in children. Guidelines for the evaluation of youth with PANS point to the need for a thorough personal and family history of immune-mediated disorders. [26] Moreover, a recent large birth cohort study based on the Swedish National Register data suggested increased rates of multiple autoimmune diseases among patients with classic OCD as well as their first-degree relatives, including inflammatory bowel disease, Hashimoto's thyroiditis, celiac disease, psoriasis, type 1 diabetes, idiopathic thrombocytopenic purpura, Sjögren's syndrome, Guillain-Barré syndrome, and scarlet fever. [99] The previous work has also suggested a familial relationship between OCRDs and rheumatic fever; an autoimmune disease thought to arise from humoral and cellular autoreactivity following Group A streptococcal pharyngitis. [100] An improved understanding of shared genetic and environmental risks for comorbid medical conditions -in addition to the effects of medical comorbidities on OCD symptom content -may pave the way for further interventional trials and facilitate collaborative multidisciplinary care for children affected by multiple physical and psychiatric conditions.
TREATMENT
General approach
The two first-line evidence-based treatment approaches for the management of pediatric OCD are CBT and SRI medications, including both serotonin reuptake inhibitors (SSRIs and clomipramine). The American Academy of Child and Adolescent Psychiatry practice parameter recommends CBT as the initial treatment for children with mild-to-moderate OCD, in combination with SRIs for moderate-to-severe cases. [101] Indeed, for many moderate-to-severe cases, a combination of CBT and medication is an optimal first-line approach. However, for cases in which potential medication side effects outweigh benefits, including those with mild illness and a CY-BOCS score under 15, an initial trial of CBT alone may be preferred. An initial trial of SSRI monotherapy may be optimal for those with marked to severe illness (e.g., CY-BOCS score 24 and above) who do not have access to a CBT-trained clinician or who have limited motivation. [101] Evidence for combined treatment The POC Treatment Study (POTS) showed no difference between CBT alone and sertraline monotherapy with respect to OCD severity after 12 weeks. However, CBT was associated with higher remission rates, and a combination of CBT and sertraline was superior to either alone. [102] A subsequent meta-analysis confirmed superior response to combined treatment compared to SSRI monotherapy, but not CBT alone. [103] Indeed, a recent review of randomized trials directly comparing SRIs to CBT also found the latter to be more effective in achieving a response in youth with OCD when delivered by well-trained clinicians. [104] For those demonstrating a partial response to an SSRI, a follow-up to the original POTS study (POTS-II) demonstrated the superiority of full CBT augmentation, compared to medication monotherapy or medication management with brief instruction in CBT by a psychiatrist. These results highlight the need for OCD-trained CBT therapists in the management of CO-OCD. [105] Response predictors Positive response predictors for both CBT and SRIs include lower OCD severity and functional impairment, greater insight, less family accommodation, and absence of comorbid externalizing symptoms. [91] Comorbid tics are a negative predictor of response to SSRIs, and initiation with CBT alone or combined with an SSRI is preferable to SSRI monotherapy in this group. [106] For CBT, a poorer response is associated with a family history of OCD, other family psychopathology, and dysfunction within the family structure. [107, 108] 
Treatment of comorbidities
In the presence of significant psychiatric comorbidities, the order of treatment requires careful consideration. Other conditions, including eating disorders, depression, and mood instability, may require specific pharmacological or psychological treatment before targeting OCD. Stimulant treatment for ADHD should be used cautiously until OCD symptoms have stabilized, as these medications may increase anxiety. [109] On the other hand, if a child experiences ongoing academic difficulties despite improvement in OCD symptoms, other diagnoses including ADHD must be ruled out or treated.
Cognitive behavioral therapy
CBT for POC as delivered in clinical trials is a short-term treatment, usually between 12 and 20 weekly sessions. Goals include improved control, tolerance of distress and uncertainty, and an enhanced sense of self-efficacy. The first step involves psychoeducation covering OCD neurobiology and symptoms, as well as an explanation of treatment options. A recent report suggests a potential role for genetic counseling as part of the psychoeducation process, with positive impacts on parental treatment orientation. [110] Families can be referred to online resources such as the Pediatric International OCD Foundation website at http://kids.iocdf.org.
Elements of cognitive behavioral therapy
The most promising treatment protocols incorporate ERP, cognitive strategies, and relapse prevention with modifications for pediatric patients to include family members. [111] Response prevention is based on the assumption that rituals and compulsions reduce distress through negative reinforcement. Exposure relies on a gradual decrease in distress after prolonged exposure to a stimulus during which the individual does not engage in compulsive behaviors. The goal is to alter the reaction to the obsession (not necessarily the intensity of the obsession itself), with more rapid attenuation of distress in subsequent exposures. While ERP is central to most manualized programs examined in controlled trials, few POC clinicians actually use exposure techniques, leading to apparent treatment resistance. [112] Cognitive techniques vary from a focus on coping statements to modification of thought appraisal, [113] although anecdotally may be less helpful in children. Overall limitations of CBT include lack of access to qualified practitioners and comorbidities interfering with engagement, as well as significant rates of ERP discontinuation because of the anxiety created by exposures. A previously agreed upon reward for effort, given promptly following ERP, together with reinforcing parent and therapist praise may provide effective positive reinforcement. [113] Emerging evidence also suggests a role for other behavioral modalities -in particular acceptance and commitment therapy [114, 115] -that focus on modifying the experience of obsessions rather than their severity or frequency.
Family involvement
Emerging evidence points to the efficacy of family-based CBT. [116] Moreover, symptom reduction is similar in group-and individual-delivered sessions compared to wait-list controls, and may also be effective when delivered by webcam. [117] We recently showed that a group-and-family-based CBT program significantly improves a wide range of domains for youth/families that extends beyond OCD symptom severity. [118] In addition, family interventions designed to reduce family accommodation of OCD symptoms, including enabling of trigger avoidance and rituals, may run concurrently with individual or group CBT and are effective in adults; [119] studies in POC are ongoing. Parental involvement may be particularly beneficial in treating young children. Further work is needed to determine the effects of programs targeting parents on distress tolerance, family accommodation, and symptom severity.
Pharmacotherapy
Serotonin reuptake inhibitors
SRIs include SSRIs as well as the tricyclic antidepressant (TCA) clomipramine. Although there is some evidence for higher efficacy of clomipramine, initial treatment should begin with an SSRI given the increased frequency and seriousness of adverse effects with clomipramine. [104] Medications in this class have been associated with a 29%-44% reduction in symptoms and are generally safe and well-tolerated. [97] Although a range of SSRIs (fluoxetine, sertraline, paroxetine, fluvoxamine, and citalopram) are similarly effective, there are significant differences in adverse effects. [120] Thus, SSRI selection should consider side effect profiles, potential drug interactions, and family history of responsiveness. In the UK, only sertraline and fluvoxamine are licensed for use in children. [121] SSRIs with the United States Food and Drug Administration (FDA) indications for POC include fluoxetine (for children over 7 years), sertraline (for children 6 years and older), and fluvoxamine (for children over 8 years). Paroxetine is approved for treatment of adult but not POCD. Despite lack of FDA approval, escitalopram has demonstrated efficacy in adult OCD and citalopram in children. [122] Any of these may be prescribed based on the clinical judgment, and all may be formulated as oral suspensions if children are unable to swallow pills. [9] Adverse effects of SSRIs often precede benefits and include initial increased anxiety, irritability, fatigue, headache, nausea, diarrhea, insomnia, and possible weight gain. Youth -particularly younger children -may be especially prone to behavioral activation, often up to several weeks after starting the medication. This often resolves with dosage decreases. [123] SSRI-induced mania is far less common and may occur in the context of a family or personal history of bipolar disorder. Antidepressants have been associated with increased risk of suicidal ideation among youth, resulting in a black box warning for suicidality in patients under the age of 18 years. However, there is no evidence of an increase in completed suicide and -for fluoxetine -no effect on suicidality when considering mediating effects of depressive symptoms. [124] In POCD, SSRI-induced benefits typically outweigh the risks of a suicidal event, [125] with no absolute risk difference between SSRIs and placebo. With respect to long-term impacts, there is no evidence to date that SSRIs negatively affect neurodevelopment. [126] Assessment and monitoring Baseline laboratory and clinical evaluations may include measurement of blood pressure, weight, abdominal circumference, and height. Before initiation of clomipramine, a family cardiac and seizure history should be obtained, in addition to a lipid profile, liver enzymes, renal function, and an ECG. Physical complaints before the medication trial should also be recorded to allow differentiation from new adverse effects.
Duration of a treatment trial SSRI optimization requires titration to the maximum tolerated dose within the recommended range and a minimum trial of 12 weeks, including 3 weeks at the highest dose. [101] Dosage increases may be made every 2-4 weeks. Recommended doses [ Table 1 ] are typically higher than those required for depression. [101] Unlike depression, which has a nonlinear dose-response curve, an increase from medium to high SSRI dose in adults with OCD results in a 7%-9% improvement in severity, [127] although the benefit of doses beyond the FDA-approved range has not been well-established in children and the greatest incremental gains occur early in SSRI treatment. [128] Given the relatively benign side effect profile, a dose escalation strategy is often preferred to the use of augmenting agents with higher associated risks. [129] Symptom reduction is more common than remission. In clinical trials, "response" is typically defined by either a ≥25% or ≥35% decrease in Y-BOCS-defined OCD severity. Meta-analyses suggest that SRI treatment results in an approximate 30%-40% reduction in symptom severity and a response rate of approximately 50% in OCD-affected youth. [120] Clomipramine
The mechanism of clomipramine is thought to be related to its specific inhibition of serotonin reuptake, [104] as other TCAs with less serotonergic activity are not effective. Clomipramine may be used as an alternative following two failed SSRI trials. Its use requires a detailed personal and family history of heart disease and seizures, physical examination, and ECG at baseline as well as 1-2 weeks following dose adjustment. Serum levels of clomipramine and its nonserotonergic metabolite, desmethylclomipramine (DCMI), should be used to determine dose adjustments. [130] The possible adverse effects are classified as anticholinergic (dry mouth, blurred vision, constipation, and urinary hesitancy), anti-histaminergic (sedation and weight gain), autonomic anti-adrenergic (postural hypotension, intracardiac conduction slowing, sweating, increased blood pressure, and tremor), and anti-serotonergic (sexual dysfunction and nausea), and at toxic levels can also cause confusion and seizures.
Treatment augmentation
Second-line medication strategies should be considered for individuals who continue to experience moderate-to-severe symptoms despite adequate trials of multiple SRIs in addition to CBT with a skilled therapist. Augmenting and alternative treatment strategies have less evidence in children than in adults. These include augmentation of SSRIs with clomipramine or augmentation of SRIs with antipsychotics, benzodiazepines, or glutamate modulators. [101] While no RCTs have examined the combination of clomipramine with an SSRI in children, it may maximize SRI. Furthermore, combination with fluvoxamine may help minimize levels of the clomipramine metabolite DCMI, which contributes to noradrenergic effects but does not affect serotonin reuptake. Fluvoxamine, which inhibits cytochrome P450-mediated hepatic metabolism of clomipramine, may therefore be considered as a third agent following one or two trials of another SSRI. This protocol permits lower clomipramine dosages and increased tolerability but requires monitoring of ECG indices and serum clomipramine levels.
Atypical antipsychotics combine serotonin and dopamine receptor inhibition. In adults, meta-analyses have demonstrated the modest benefit from risperidone and aripiprazole, with weaker evidence for olanzapine and quetiapine. [131] Importantly, no controlled trials of antipsychotic augmentation exist in children. Small observational trials of aripiprazole and risperidone augmentation have shown some benefit but associated metabolic side effects require regular monitoring. [132, 133] The use of low doses may mitigate long-term metabolic risks to some extent, but ERP augmentation of SSRI treatment should be optimized before the addition of an antipsychotic when possible and may be comparatively more effective. [134] In most cases, a clomipramine trial is warranted before consideration of augmentation with an antipsychotic given that more evidence exists for the efficacy of clomipramine and that long-term metabolic risks of antipsychotics in children with OCD have not been well-characterized. [129] This is consistent with recent North American and UK practice parameters recommending a minimum of two different adequate SSRI trials or an SSRI and clomipramine before consideration of augmentation with an atypical antipsychotic in both children and adults. [101, 135] Other strategies described in adults include venlafaxine and duloxetine replacement monotherapy or benzodiazepine augmentation, but to date, there are few controlled studies in children and limited evidence for efficacy in adults. In some cases, benzodiazepines may be helpful for short-term use. Increasing evidence suggests glutamate dysregulation may contribute to OCD pathogenesis, [129] and glutamate modulators may be a reasonable option for the treatment-refractory disease. These include antiepileptics such as topiramate and lamotrigine, n-acetylcysteine, memantine, riluzole, D-cycloserine, and ketamine. [136] Other approaches that show promise for refractory adult OCD include repetitive transcranial magnetic stimulation and deep brain stimulation, but there is no evidence for these approaches in pediatric disease. For severe refractory OCD cases, intensive residential treatment can also be considered. [137] Treatment of pediatric acute neuropsychiatric syndrome/pediatric autoimmune disorder associated with Streptococcus Optimal long-term management of PANDAS/PANS remains a matter of debate. A recent systematic review points to the lack of systematic studies of immune-modulating therapies, with some support but generally inconclusive evidence for the use of antibiotics (penicillin, amoxicillin, or cephalosporins), intravenous immunoglobulin, plasma exchange, nonsteroidal anti-inflammatory drugs, and corticosteroids. [138] Recent treatment guidelines are therefore largely based on expert consensus. [139] Small studies suggest that OCD symptoms in this population respond well to standard treatments; SSRIs should be initiated at a low dose given the risk of behavioral activation. There is also early evidence that the PANDAS/ PANS subgroup responds to CBT. [140] Further controlled trials are needed in both PANDAS/PANS and classic OCD to understand the role of inflammatory changes and assess the benefit of therapies targeting innate or adaptive immunity.
Treatment duration
Effective medication regimes that have led to symptom improvement or remission should be continued for at least 6-12 months. Importantly, the cumulative improvement was demonstrated over a 1-year period in a trial of sertraline. [120] Medication may be then be gradually discontinued over several months, although the relapse rate following discontinuation is high. In adult responders, these rates range between 24% and 89% after 6 months [9] but are reduced in those who have also received CBT. [141] Tapering should be done slowly, ideally over a low-stress period; if symptoms re-emerge, booster, or refresher ERP sessions can be tried before returning to a higher medication dose. For individuals who have had multiple relapses and moderate-to-severe illness, long-term treatment may be required. [101] CONCLUSIONS POCD is a common but under-recognized neuropsychiatric disorder associated with multiple psychiatric and medical comorbidities. Delays to treatment are common and may have a critical long-term impact on development and function. However, early evidence-based treatment significantly modifies this trajectory. Indeed, outcomes are more optimistic than for adult OCD; up to two-thirds of children achieve remission and a substantial additional proportion show a partial response. A structured diagnostic assessment facilitated by standardized assessment scales allows the clinician to elicit symptoms that may otherwise go unreported. In addition to obsessions, compulsions, and insight, functional domains that may be affected in OCD include sleep, executive function/planning, and school performance. The assessment should also include the impact of OCD on family function in addition to family accommodation of OCD symptoms, which in turn may predict family function and treatment outcomes. The current mainstay of treatment includes CBT, both individual and family based, and SRIs. Limited access to CBT often poses a significant barrier to optimal treatment; the current research is aimed at establishing more accessible and economic formats. For children who do not respond to multiple medication trials in combination with CBT, evidence-based treatment is lacking. An improved understanding of the genetic and biological basis of OCD may lead to the development of novel therapeutic strategies. 
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